Emission testing of a fuel additive by Pearson, James R.
Georgia Tech Sponsored Research 
Project E-20-F61 "F3R2.L? 
Project director Pearson James 
Research unit CEE 
Title Emission Testing of a Fuel Additive 
Project date 9/30/2000 
Emission Testing of a Fuel Additive 
i 
Final Report to: 
Environmental Fuels, Inc. 
6928 Sonny Dale Dr. 
UnitC 
West Melbourne, FL 
Prepared by: 
James Pearson 
Air Quality Laboratory 





Environmental Fuels, Inc. (West Melbourne, FL) requested that the Georgia Institute of 
Technology Air Quality Laboratory (AQL) conduct emission testing to evaluate the effectiveness 
of a gasoline additive at reducing vehicle emissions and improving vehicle fuel economy. 
All vehicle testing was conducted at the AQL dynamometer facility in Riverdale, Georgia under 
controlled conditions. Mileage accumulation was conducted onroad by AQL employees. The 
gasoline used for the study was in-use unleaded fuel supplied by AQL. Three vehicles were 
selected by AQL for the testing program. These vehicles widely varied in age, mileage and 
engine class. :: 
Equipment 
All vehicle testing was conducted at the AQL chassis dynamometer laboratory in 
Riverdale, Georgia. Test procedures are run on a Clayton 8 5/8" dual roll, hydrokinetic chassis 
dynamometer. During the test procedures vehicle emissions are collected with a constant 
volume sampler, CVS (CVS-20, Horiba Instruments, Inc., Irvine, CA). The CVS dilutes a 
portion of the tailpipe exhaust with ambient air that has been filtered and then delivers a constant 
volume of this mixture to a Teflon bag for subsequent chemical analysis. In addition to the 
dilute exhaust sample, the CVS also collects a sample of the ambient background emissions for 
comparison. To evaluate the effects the catalyst might have on changes in emissions for both the 
baseline and additive tests, sampling was also conducted before the catalyst. This raw engine-
out testing was on a second-by-second basis to evaluate how emissions change with the driving 
cycle. 
After the vehicles have been run on the dynamometer, the bag samples are analyzed with 
a dilute bag bench, (Series 200, Horiba Instruments, Inc.). The bench contains instruments for 
the analysis of carbon dioxide (CO2), carbon monoxide (CO), total hydrocarbons (THC), 
Methane (CH4), and nitrogen oxides (NOx). Both CO and CO2 are measured by non-dispersive 
infrared (NDIR) instruments. A flame-ionization detector (FID) is used for THC and CH4. 
Nitrogen oxides are measured via ozone-chemiluminescence. All the instruments are calibrated 
by dynamic-dilution of NIST-traceable primary standards over the range of interest. 
All emission and dynamometer testing are conducted in accordance with manufacturers 
and EPA specifications. Dynamometer coast-downs are conducted for each vehicle weight 
setting and the CVS flow is verified by propane injections with a critical flow orifice. 
Vehicles 
Three vehicles of widely varying age, mileage and engine class were selected by Genirev 
for this testing program. Table 1 provides a summary of these three vehicles listed by model 
year. Included in Table 1 are the dynamometer settings for inertial weight and indicated 
horsepower. Photos of each vehicle during testing are provided in Appendix A. 
Make Model Year Mileage Engine Inertial Wt iHp 
Pontiac Sunbird 1994 191880 2.0L 3000 4.7 
Ford Taurus 1995 34050 3.0L 3500 4.9 
Ford F-150 1994 84640 5.0L 5250 13.1 
Experimental Protocol 
Each vehicle was inspected upon reception at the laboratory. The vehicles were drained 
of fuel and the specially formulated test fuel (Specialty Fuels, Texas, 87 octane) was added. 
Two baseline test procedures were run on each /ehicle. The First test procedure used 
was the U.S. EPA Federal Test Procedure (FTP-75) based on the urban dynamometer driving 
schedule (UDDS). After the vehicles have been prepped they are allowed to soak for at least 12 
hours at a constant temperature before the test is conducted. The FTP consists of a cold start 
UDDS, a 10-minute soak and then a hot start repeat of the first 505 seconds (hills 1-5) of the 
UDDS. The drive cycle of the FTP is shown in Figure 1. During the FTP, dilute exhaust 
emissions are collected in three separate bags. Bag 1 is the cold transient drive and consists of 
the first 505 seconds. Bag 2 is the Cold stabilized drive and consists of the next 866 seconds. 
No exhaust sample is collected during the 10 minute soak period. Bag 3 is the hot transient drive 
(also known as the hot-505) and is the last 505 seconds of the test. 
EPA Federal Test Procedure 
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Figure 1. The Federal Test Procedure 
along with an initial high dose of the additive was placed in each vehicle. The vehicles were 
then driven approximately 1000 miles over the next few days under the supervison of an AQL 
employee. No modifications were made to the vehicles during the mileage accumulation stage. 
All vehicles were refueled using the test fuel and 1 oz. per gallon of additive during the mileage 
accumulation. After the mileage accumulation stage, the fuel was again drained from the 
vehicles and replaced with test fuel and additive in the quantity of 1 oz per gallon of fuel. 
Results 
Emissions 
During the FTP, three bags of diluted exhaust gas are collected for each vehicle and then 
analyzed for CO, CO2, NOx, THC and CH4. The exhaust emissions are first measured on a 
volume basis and are then these numbers are converted to mass basis (grams/mile) based on the 
distance the vehicle traveled during the test. The final emission numbers are then weighted for 
the cold and the hot emissions relative to actual driving conditions. The emissions from Bags 1 
and 2 are summed and then weighted by 43% and the emissions from Bags 2 and 3 are summed 
and weighted by 57%. 
The bag results for the three vehicles are provided in Tables 2-4 for the 4, 6 and 8 
cylinder vehicles, respectively. Both the 4 and 8 cylinder vehicles showed a significant 
reduction in NOx emission but at the same time, an increase in CO emissions over the baseline 
values. 
The average emissions of the raw engine-out analysis for the 4 cylinder Pontiac Sunbird 
are provided in Figures 1-3 for CO, NOx and Total Hydrocarbons, respectively. The results from 
the 6 cylinder Ford Taurus for CO, NOx and Total Hydrocarbons are provided in Figures 4-6, 
respectively. The average CO, NOx and Total Hydrocarbons for the 8 cylinder Ford F-150 are 
provided in Figures 7-9, respectively. As can be seen from the engine-out graphs, the changes 
(either positive or negative) are very small when comparing the fuel additive to the baseline runs. 
CO HC NOx C02 MPG 
Baseline #1 6.589 1.313 1.183 343 24.98 
Baseline #2 6.386 1.221 1.092 340 25.23 
Baseline Avg. 6.488 1.267 1.138 341.5 25.11 
Post-Additive #1 6.714 1.216 .724 326.2 25.90 
Post-Additive #2 6.694 1.462 .831 330.3 s 25.54 
Post-Additive Avg. 6.704 1.339 .778 328.25 25.72 
Percent Change 3.30 5.68 -31.63 -3.88 2.43 
Table 3. Bag Results for the 6 cylinder Ford Taurus 
CO HC NOx C02 MPG 
Baseline #1 2.751 .221 .404 420.6 20.98 
Baseline #2 2.521 .164 .414 389.9 22.64 
Baseline Avg. 2.636 .193 .409 405.3 21.81 
Post-Additive #1 2.468 .21 .481 389.7 22.65 
Post-Additive #2 2.436 .223 .474 383.8 23.00 
Post-Additive Avg. 2.452 .217 .478 386.8 22.83 
Percent Change -6.98 12.44 16.87 -4.56 4.68 
Table 4. Bag Results for the 8 cylinder Ford F-150 
CO HC NOx C02 MPG 
Baseline #1 3.561 .618 .824 550.4 16.0 
Baseline #2 3.711 .573 .778 556.9 15.82 
Baseline Avg. 3.636 .600 .801 553.7 15.91 
Post-Additive#l 3.824 .548 .577 549.5 16.03 
Post-Additive #2 3.684 .472 .726 556.3 15.65 
Post-Additive Avg. 3.754 .510 .652 552.9 15.84 
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Conclusions 
Based on the results of this study, the fuel additive appears to do little to drastically 
reduce vehicle emissions. Although some improvements were seen in the reduction of nitrogen 
oxides, these improvements were offset by increases in carbon monoxide. Although some 
changes were seen in the engine-out data, on average the changes were within the variability of 
test-to-test results and not significant. Based on the engine-out results, any catalyst masking 
effects on emissions were not seen. 
This study was a preliminary study to look at the effects of a gasoline addition on 
emissions for a 4, 6 and 8 cylinder vehicle. Only one vehicle in each engine size was used for the 
study and there was no control vehicle used in the study. Feature research might include looking 
at several vehicles in one engine size, including a vehicle used as a control. Other research 
might look at different fuels and how the additive works with those fuels. 
The study also did not address any benefits the additive might have on engine life and 
maintenance. The accumulation stage was only 1000 miles and that may not have been enough 
time to see the true potential of the additive. If the additive reduces engine maintenance then 
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Appendix B 
Vehicle Emission Analysis Sheets 
Customer: Environmental Fuels 
Test No.: 31507 
Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404) 907-5213 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/15/00 
Time: 9:00 p 
Vehicle Mfg.: Pontiac Catalyst: yes 
Model/year: Sunbird 94 Wt. Class: car 
VIN: 1G2JB54H5R7548189 Odometer: 190786.2 
Disp.: 2.0 I Inertia Wt./lhp: 3000/4.7/6.4 
Transmission: AUTO A/C: yes 
" • w ™ ~ -
2 "" 3 
Vmix (set) 2780.0 4775.0 2785.0 
Rolls Count 8469.4 9176.3 8459.0 
Miles 3.632 3.936 3.628 
Dilution Factor 13.665 20.984 15.382 
Fuel: Gasoline 
Specific Gravity: 0.732 
Carbon Wt. Fraction: 0.862 




























Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide* C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 



















































Fuel Economy : 
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Reactivity Adjusted NMOG (g/mile): 1.245 
*C02 Concentration reported in % 
Vehicle Emissions Analysis 
Georgia Institute of Technology 
Air Quality Laboratory 
(770) 603-4786 
Customer: Environmental Fuels 
Test No.: 31601 
Vehicle Mfg.: Pontiac 
Model/year: Sunbird 94 
VIN: 1G2JB54H5R7548189 
Disp.: 2.0 I 
Transmission: AUTO 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/16/00 











Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide* C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
non-Methane HC's NMHC 
NMHC/THC % 
Fuel Economy : 








Wt. Class: car 
Odometer: 190797.6 
Inertia Wt./lhp: 3000/4.7/6.4 
A/C: yes 
Fuel: Gasoline 
Specific Gravity: 0.732 
Carbon Wt. Fraction: 0.862 
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Reactivity Adjusted NMOG (g/mile): 1.157 
*C02 Concentration reported in % 
Customer: Environmental Fuels 
Test No.: 31901 
Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404) 907-5213 






Vehicle Mfg.: Pontiac Catalyst: yes 
Model/year: Sunbird 94 Wt. Class: car 
VIN: 1G2JB54H5R7548189 Odometer: 191856.9 
Disp.: 2.0 I Inertia Wt./lhp: 3000/4.7/6.4 
ransmission: AUTO A/C: yes 
* " " " " " " " ' ' • ' • ' • ' • ' • " ' • " " 2 ""3* 
Vmix (scf) 2754.0 4754.0 2766.0 
Rolls Count 8490.6 9148.7 8474.0 
Miles 3.642 3.924 3.634 
Dilution Factor 14.148 21.914 15.985 
Fuel: Gasoline 
Specific Gravity: 0.732 
Carbon Wt. Fraction: 0.862 
H/C Ratio: 1.877 




























Carbon Dioxide % 










Fuel Economy : 
Engine Family #: 
Comment: 
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Reactivity Adjusted NMOG (g/mile): 1.138 
*C02 Concentration reported in % 
Customer: Environmental Fuels 
Test No.: 32002 
Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404) 907-5213 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/20/00 
Time: 6:35 a 
Vehicle Mfg.: Pontiac Catalyst: yes 
Model/year: Sunbird 94 Wt. Class: car 
VIN: 1G2JB54H5R7548189 Odometer: 191868.3 
Disp.: 2.0 I Inertia Wt./lhp: 3000/4.7/6.4 
Transmission: AUTO A/C: yes 
• - • • • • • • • ™ , . . _ _ . , , , „ 
Vmix (scO 2762.0 4737.0 2765.0 
Rolls Count 8518.0 9204.7 8493.5 
Miles 3.653 3.948 3.643 
Dilution Factor 14.254 21.290 15.755 
Fuel: Gasoline 
Specific Gravity: 0.732 
Carbon Wt. Fraction: 0.862 
H/C Ratio: 1.877 




























Carbon Dioxide % 










Fuel Economy : 
Engine Family #: 
Comment: 
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Reactivity Adjusted NMOG (g/mile): 1.394 
*C02 Concentration reported in % 
Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404)907-5213 
Customer: Environmental Fuels 
Test No.: 32103 
Vehicle Mfg.: Pontiac 
Model/year: Sunbird 94 
VIN: 1G2JB54H5R7548189 
Disp.: 2.0 I 
Transmission: AUTO 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/21/00 
Time: 4:30 p 
Catalyst: yes 
Wt. Class: car 
Odometer: 191880 











1 2 3 
Vmix (set) 2790.0 4789.0 2788.0 
Rolls Count 8499.0 9119.2 8454.6 
Miles 3.645 3.911 3.626 




























Carbon Dioxide % 










Fuel Economy : 
Engine Family #: 
Comment: 












































































































1 2 3 
2 2 2 
1 1 1 
2 2 2 
2 2 2 





































Reactivity Adjusted NMOG (g/mile): 1.290 
*C02 Concentration reported in % 
Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404) 907-5213 
Customer: Environmental Fuels 
Test No.: 31505 
Vehicle Mfg.: Ford 
Model/year: Taurus 95 
VIN: 1FALP52U1SA117675 
Disp.: 3.0 L V6 
Transmission: AUTO 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/15/00 
Time: 4.20 p 
Catalyst: yes 
Wt. Class: car 
Odometer: 32989 
Inertia Wt./lhp: 3500/4.9/6. 
A/C: yes 
Fuel: Gasoline 
Specific Gravity: 0.744 
Carbon Wt. Fraction: 0.868 
H/C Ratio: 1.877 
LHV(btu/lbm) 18448 
1 2 3 
Vmix (set) 2765.0 4749.0 2757.0 
Rolls Count 8441.7 9133.8 8468.7 
Miles 3.621 3.917 3.632 



























Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide" C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 


















































Fuel Economy : 
Engine Family #: 
Comment: 
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Reactivity Adjusted NMOG (g/mile): 0.193 
*C02 Concentration reported in % 
Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404) 907-5213 
Customer: Environmental Fuels 
Test No.: 31602 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/16/00 
Time: 4:25 p 
Vehicle Mfg.: Ford Catalyst: ; /es Fuel: Gasoline 
Model/year: Taurus 95 Wt. Class: < ;ar Specific Gravity: 0.744 
VIN: 1FALP52U1SA117675 Odometer: : 33000 Carbon Wt. I fac t ion: 0.868 
Disp.: 3.0 L V 6 Inertia Wt./lhp: : 3500/4.9/6.8 H/C Ratio: 1.877 
Transmission: AUTO A/C: ; /es LHV( ;btu/lbm) 18448 
, . _ _ _ Ambient Conditions 1 2 3 
Vmix (scf) 2753.0 4727.0 2758.0 T wet 66 66.4 67 °F 
Rolls Count 8500.5 9176.2 8463.0 Tdry 74.5 75.5 75.5 °F 
Miles 3.646 3.936 3.630 P baro 28.936 28.931 28.881 (in -Hg) 
Dilution Factor 12.226 18.884 14.475 $ 63.72 61.90 64.21 % 
NOxCorr 1.043 1.045 1.063 
Analyzer Readings Analyzer Rar ige 
Sample Background 
Chemical Species 1 2 3 1 2 3 1 2 3 
Carbon Monoxide CO 0.86 0.13 0.31 0.020 0.023 0.047 2 2 2 
Carbon Dioxide % C02 1.06 0.70 0.91 0.040 0.040 0.050 1 1 1 
Oxides of Nitrogen NOX 0.15 0.05 0.12 0.005 0.005 0.004 2 2 2 
Total Hydrocarbons THC 0.34 0.19 0.21 0.238 0.186 0.197 2 2 2 
Methane CH4 0.06 0.04 0.05 0.026 0.024 0.024 2 2 2 
Spec ies Concentration (ppm*) Mass Emissions Weighted 
Sample Backgrounc I Mass (grams) 1 Emissions 
1 2 3 1 2 3 1 2 3 (g/mile) 
Carbon Monoxide CO 259.200 39.000 93.000 6.000 6.900 14.100 23.027 5.060 7.263 2.521 
Carbon Dioxide* C02 1.060 0.700 0.910 0.040 0.040 0,050 1460 1622 1234 389.9 
Oxides of Nitrogen NOX 14.900 4.700 11.850 0.500 0.500 0.400 2.245 1.131 1.822 0.414 
Total Hydrocarbons THC 101.100 56.940 64.320 71.400 55.800 59.100 1.598 0.316 0.419 0.164 
Methane CH4 5.850 3.540 4.620 2.610 2.390 2.410 0.180 0.114 0.124 0.035 
non-Methane HC's NMHC 95.250 53.400 59.700 68.790 53.410 56.690 1.442 0.000 0.312 0.105 
NMHC/THC % 94.214 93.783 92.817 96.345 95.717 95.922 90.283 0.003 74.454 64.246 
Fuel Economy : 22.64 (mi/gal) Reactivity Adjusted NMOG (g/mile): 0.106 
Engine Family #: 3.0L-SFM1045AYMO CO#: Kit: 
Comment: SFM3.0V*GFEA 2twc/2ho2s/egr/sfi *C02 Concentration re Jported in °/ 
Quality Checked : Jim Pearson 
Customer: Environmental Fuels 
Test No.: 32005 
Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404)907-5213 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/20/00 
Time: 8:00 p 
Vehicle Mfg.: Ford Catalyst: yes 
Model/year: Taurus 95 Wt. Class: car 
VIN: 1FALP52U1SA117675 Odometer: 34039.4 
Disp.: 3.0 LV6 Inertia Wt./lhp: 3500/4.9/6.8 
Transmission: AUTO A/C: yes 
. . . . . , , , , . . , , , „ , , . , , , , , , , , , , . ..,,,,, , . _ . _ , , , 
Vmix (scf) 2775.0 4760.0 2776.0 
Rolls Count 8~537.2 9199.6 8466.0 
Miles 3.662 3.946 3.631 
Dilution Factor 12.016 19.073 14.724 
Fuel: Gasoline 
Specific Gravity: 0.744 
Carbon Wt. Fraction: 0.868 




























Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide* C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 



















































Fuel Economy : 
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2 2 2 
1 1 1 
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2 2 2 





































Reactivity Adjusted NMOG (g/mile): 0.180 
*C02 Concentration reported in % 
Vehicle Emissions Analysis 
Georgia Institute of Technology 
Air Quality Laboratory 
(770) 603-4786 
Customer: Environmental Fuels 
Test No.: 32102 
Vehicle Mfg.: Ford 
Model/year: Taurus 95 
VIN: 1FALP52U1SA117675 
Disp.: 3.0 L V6 
Transmission: AUTO 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/21/00 











Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide* C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
non-Methane HC's NMHC 
NMHC/THC % 
Fuel Economy : 


















Specific Gravity: 0.744 
Carbon Wt. Fraction: 0.868 
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Reactivity Adjusted NMOG (g/mile): 0.186 
*C02 Concentration reported in % 
Vehicle Emissions Analysis 
Georgia Institute of Technology 
Air Quality Laboratory 
(770)603-4786 
Customer: Environmental Fuels 
Test No.: 31506 
Vehicle Mfg.: Ford 
Model/year: F150 1994 
VIN: 1FTEF14N1RNA69201 
Disp.: 5.0L 
Transmiss ion: AUTO 
Fuel: Gasoline 
Test Type: 75 FTP 
Operator: Pearson 
Catalyst: yes 
Wt. Class: car Specific Gravity: 0.744 
Odometer: 83593.4 Carbon Wt. Fraction: 0.868 
Inertia Wt./lhp: 5250/13.1/15.9 H/C Ratio: 1.877 
A/C: yes LHV (btu/lbm) 18448 
Date: 3/15/00 
Time: 7:30 p 
1 2 3 
Vmix (set) 2763.0 4736.0 2757.0 
Rolls Count 8491.0 9228.0 8486.4 
Miles 3.642 3.958 3.640 









Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide* C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 



















































Fuel Economy : 
Engine Family #: 
Comment: 
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Reactivity Adjusted NMOG (g/mile): 0.537 
*C02 Concentration reported in % 
Vehicle Emissions Analysis 
Georgia Institute of Technology 
Air Quality Laboratory 
(770) 603-4786 
Customer: Environmental Fuels 
Test No.: 31603 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/16/00 
Time: 8:10 p 
Vehicle Mfg.: Ford Catalyst: > /es Fuel: Gasoline 
Model/year: F150 1994 Wt. Class: < :ar Specific Gravity: 0.744 
VIN: 1FTEF14N1RNA69201 Odometer: i 33607.8 Carbon Wt. I Fraction; 0.868 -
Disp.: 5.0L Inertia Wt./lhp: i 5250/13.1/15.9 H/C Ratio: 1.877 
Transmission: AUTO A/C: ; /es LHyjbtu/lbm|J8448 
:::::.:;::::,:,SS::,:::̂ :̂ ,::::::,̂ ::,::::::::,::::::::: = : ^ ^ : ^ ^ S : : ^ T "V'Y* T „ * . , - . \ Ambient Conditions 1 2 if" 
Vmix (scf) 2747.0 4711.0 2754.0 Twet 65.1 66.7 66.9 °F 
Rolls Count 8508.7 9181.2 8488.1 Tdry 70.9 75.3 76.2 °F 
Miles 3.649 3.938 3.641 P baro 28.978 28.976 28.976 (in -Hg) 
D i l u t i o n F a c t o r 8.295 13.745 10.083 <j> 73.25 63.70 61.48 % 
NOxCorr 1.048 1.054 1.052 
mmmm^^mmmmmm^. Analyzer Readings Analyzer Range 
Sample Background I 
Chemical Species 1 2 3 1 2 3 1 2 3 
Carbon Monoxide CO 0.84 0.25 0.55 0.026 0.025 0.025 2 2 2 
Carbon Dioxide % C02 1.58 0.96 1.31 0.045 0.042 0.044 1 1 1 
Oxides of Nitrogen NOX 0.20 0.10 0.23 0.005 0.005 0.005 2 2 2 
Total Hydrocarbons THC 0.44 0.20 0.23 0.152 0.140 0.119 2 2 2 
Methane CH4 0.13 0.08 0.09 0.037 0.032 0.033 2 2 2 
Spec ies Concentration (ppm*) Mass Emissions Weighted 
Sample Backgrounc I Mass (grams) Emissions 
1 2 3 1 2 3 1 2 3 (g/mile) 
Carbon Monoxide CO 251.250 73.890 165.450 7.920 7.410 7.500 22.125 10.410 14.409 3.711 
Carbon Dioxide* C02 1.577 0.962 1.306 0.045 0.042 0.044 2188 2252 1807 556.9 
Oxides of Nitrogen NOX 20.040 10.000 23.040 0.500 0.500 0.500 3.056 2.565 3.545 0.778 
Total Hydrocarbons THC 132.390 60.000 69.000 45.600 42.000 35.640 4.140 1.620 1.659 0.573 
Methane CH4 12.930 7.950 8.650 3.680 3.190 3.260 0.503 0.444 0.297 0.109 
non-Methane HC's NMHC 119.460 52.050 60.350 41.920 38.810 32.380 3.705 1.236 1.402 0.478 
NMHcrmc % 90.233 86.750 87.464 91.930 92.405 90.853 89.496 76.291 84.515 83.488 
Fuel Economy : 15.82 (mi/gal) Reactivity Adjusted NMOG (g/mile): 0.479 
Engine Family #: RFM1045AYMOA CO#: Kit: 
Comment: RFM5.888GBJA i Dc/twc/air/ho2s/egr/sfi *C02 Concentration reported in °, 
Quality Checked : Jim Pearson 
Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404)907-5213 
Customer: Environmental Fuels 
Test No.: 32004 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/20/00 
Time: 7:00 p 
Vehicle Mfg.: Ford Catalyst: yes Fuel: Gasoline 
Model/year: F150 1994 Wt. Class: car Specific Gravity: 0.744 
VIN: 1FTEF14N1RNA69201 Odometer. 84628.8 Carbon Wt. Fraction: 0.868 
Disp.: 5.0L Inertia Wt./lhp: 5250/13.1/15.9 H/C Ratio: 1.877 
Transmission: AUTO A/C: yes LHV (btu/lbm) 18448 
• • ' • • • • • • • - • • • • • • • • • - - • • ^ .,,,,.,.,,,,,,,,..,,,._,, ~ , w _ . _ Ambient Conditions 1 2 3 
Vmix (scf) 2756.0 4732.0 2759.0 Twet 63 64 65.4 °F 
Rolls Count 8510.0 9144.7 8458.5 Tdry 85.2 78.8 80.8 °F 
Miles 3.650 3.922 3.628 P baro 29.044 29.046 29.061 (in-Hg) 
Dilution Factor 8.603 14.029 10.101 <}> 27.55 43.90 43.38 % 
mmmmmmmmmmmm mm®w&mz> 
NOxCorr 0.899 0.961 0.977 
Analyzer Readings Analyzer Range 
i Sample Background 
Chemical Species 1 2 3 1 2 3 1 2 3 
Carbon Monoxide CO 0.86 0.24 0.57 0.025 0.023 0.024 2 2 2 
Carbon Dioxide % C02 1.52 0.94 1.30 0.045 0.043 0.044 1 1 1 
Oxides of Nitrogen NOX 0.18 0.08 0.21 0.005 0.004 0.042 2 2 2 
Total Hydrocarbons THC 0.31 0.15 0.22 0.083 0.085 0.087 2 2 2 
Methane CH4 0.09 0.06 0.06 0.017 0.019 0.017 2 2 2 
Species Concentration (ppm*) Mass Emissions Weighted 
Sample Backgroun d Mass (grams) Emissions 
1 2 3 1 2 3 1 2 3 (g/mile) 
Carbon Monoxide CO 259.260 73.350 172.080 7.500 6.810 7.140 22.955 10.457 15.068 3.824 
Carbon Dioxide* C02 1.522 0.943 1.303 0.045 0.043 0.044 2117 2214 1806 549.5 
Oxides of Nitrogen NOX 17.540 8.310 20.930 0.510 0.440 4.200 2.294 1.945 2.504 0.577 
Total Hydrocarbons THC 92.970 45.210 66.450 24.930 25.410 26.190 3.193 1.670 1.931 0.548 
Methane CH4 8.970 6.140 6.490 1.740 1.870 1.710 0.387 0.394 0.258 0.094 
non-Methane HC's NMHC 84.000 39.070 59.960 23.190 23.540 24.480 2.858 1.330 1.708 0.467 
NMHC/THC % 90.352 86.419 90.233 93.020 92.641 93.471 89.523 79.625 88.451 85.247 
^ i K w I S ' i i i l : : ^ lO^'SSKSIvxii&Siw }&<:^-ff.&:ii-:-:<i<<& .>:!-Si::&ttK;l&SI^ tSKiftSi&^jS^KS'X-:: riSSigi^ 
Fuel Economy : 16.03 (mi/gal) Reactivity Adjusted NMOG (g/mile); 0.468 
Engine Family #: RFM1045AYMOA CO#: Kit: 
Comment: RFM5.888GBJA oc/twc/air/ho2s/egr/sfi *C02 Concentration reported in °, 
Quality Checked : Jim Pearson 
Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404)907-5213 
Customer: Environmental Fuels 
Test No.: 32101 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/21/00 
Time: 1:30 p 
Vehicle Mfg.: Ford Catalyst: yes Fuel: Gasoline 
Model/year: F150 1994 Wt. Class: car Specific Gravity: 0.732 
VIN: 1FTEF14N1RNA69201 Odometer. 84640.1 Carbon Wt. Fraction: 0.862 
Disp.: 5.0L Inertia WUIhp: 5250/13.1/15.9 H/C Ratio: 1.877 
Transmission: AUTO A/C: yes LHVjWMbm)J8403 
:.x*:.:.Ns*w:.:.&:«.:5<.:^ 
2 3 Ambient Conditions 1 "1 3 
Vmix (scf) 2760.0 4738.0 2762.0 T wet 65.4 66.7 66.9 °F 
Rolls Count 8466.0 9132.9 8453.0 Tdry 78.6 83.1 82.8 °F 
Miles 3.631 3.917 3.625 P baro 29.221 29.205 29.215 (in-Hg) 
Dilution Factor 8.396 13.940 10.120 c)> 48.94 41.85 43 .13% 
NOxCorr 0.991 0.989 0.996 
Analyzer Readings ,::,;,,,,,:"*::«:,,:-:,: Analyzer Range 
Sample Background 
Chemical Species 1 2 3 1 2 3 1 2 3 
Carbon Monoxide CO 0.85 0.24 0.52 0.027 0.026 0.025 2 2 2 
Carbon Dioxide % C02 1.56 0.95 1.30 0.045 0.043 0.043 1 1 1 
Oxides of Nitrogen NOX 0.21 0.09 0.25 0.005 0.005 0.005 ....2 2 2 
Total Hydrocarbons THC 0.33 0.15 0.19 0.094 0.107 0.084 2 2 2 
Methane CH4 0.14 0.10 0.10 0.033 0.032 0.029 2 2 2 
Species Concentration (ppm*) Mass Emissions Weighted 
Sample Background Mass (grams) Emissions 
1 2 3 1 2 3 1 2 3 (g/mile) 
Carbon Monoxide CO 255.330 73.230 156.480 8.100 7.770 7.440 22.585 10.313 13.639 3.684 
Carbon Dioxide* C02 1.561 0.949 1.303 0.045 0.043 0.043 2175 2232 1808 556.3 
Oxides of Nitrogen NOX 20.610 8.920 24.680 0.510 0.540 0.530 2.986 2.136 3.605 0.726 
Total Hydrocarbons THC 98.550 45.480 58.200 28.050 32.010 25.230 3.328 1.220 1.600 0.472 
Methane CH4 14.230 9.500 9.500 3.290 3.150 2.870 0.591 0.589 0.361 0.139 
non-Methane HC's NMHC 84.320 35.980 48.700 24.760 28.860 22.360 2.817 0.711 1.288 0.352 
NMHC/THC % 85.561 79.112 83.677 88.271 90.159 88.625 84.654 58.291 80.505 74.564 
miMmsMMmim^^m& 'm^mM^Mmm^mmmrnmmA SIsSs^^ mtmmmm+mm .. , "- ^ , s \ S « ^ s s s ! S § S S I M S 5 S S & & S ^ 
Fuel Economy : 15.65 (mi/gal) Reactivity Adjusted NMOG (g/mile): 0.353 
Engine Family #: RFM1045AYMOA CO#: Kit: 
Comment: RFM5.888GBJA oc/twc/air/ho2s/egr/sfi *C02 Concentration reported in °< 
Quality Checked : Jim Pearson 
Vehicle Emissions Analysis 
Georgia Institute of Technology 
Air Quality Laboratory 
(770) 603-4786 
Customer: Environmental Fuels 
Test No.: 31603 
Vehicle Mfg.: Ford 




Test Type: 75 FTP 
Operator: Pearson 
Catalyst: yes 
Wt. Class: car 
Odometer: 83607.8 
Inertia Wt./lhp: 5250/13.1/15.9 
A/C: yes 
Fuel: Gasoline 
Specific Gravity: 0.744 
Carbon Wt. Fraction: 0.868 — 
H/C Ratio: 1.877 
LHV(btu/lbm) 18448 
1 2 3 
Vmix (scf) 2747.0 4711.0 2754.0 
Rolls Count 8508.7 9181.2 8488.1 
Miles 3.649 3.938 3.641 









Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide* C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 



















































Fuel Economy : 






































































1 2 3 
2 2 2 
1 1 1 
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Reactivity Adjusted NMOG (g/mile): 0.479 
*C02 Concentration reported in % 
Customer: Environmental Fuels 
Test No.: 32004 
Vehicle Mfg.: Ford 














Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide* C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
non-Methane HC's NMHC 
NMHC/THC % 
Fuel Economy : 







Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404)907-5213 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/20/00 
Time: 7:00 p 
Catalyst: yes 
Wt Class: car 
Odometer. 84628.8 
Inertia Wt./lhp: 5250/13.1/15.9 
A/C: yes 
Fuel: Gasoline 
Specific Gravity: 0.744 
Carbon Wt. Fraction: 0.868 

































































































































1 2 3 
2 2 2 
1 1 1 
2 2 2 
2 2 2 





































Reactivity Adjusted NMOG (g/mile): 0.468 
*C02 Concentration reported in % 
Customer: Environmental Fuels 
Test No.: 32101 
Vehicle Mfg.: Ford 




Vehicle Emissions Analysis 
Natural Gas Vehicle Southeast E.T.L. 
616 Hwy 138 S.E. 
Riverdale, GA 30274 
(404)907-5213 
Test Type: 75 FTP 
Operator: Pearson 
Date: 3/21/00 
Time: 1:30 p 
Catalyst: yes 
Wt. Class: car 
Odometer: 84640.1 
Inertia Wt./lhp: 5250/13.1/15.9 
A/C: yes 
Fuel: Gasoline 
Specific Gravity: 0.732 
Carbon Wt. Fraction: 0.862 
H/C Ratio: 1.877 
LHV (btu/lbm) 18403 
1 2 3 
Vmix (scf) 2760.0 4738.0 2762.0 
Rolls Count 8466.0 9132.9 8453.0 
Miles 3.631 3.917 3.625 



























Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide* C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 



















































Fuel Economy : 

















































1 2 3 
2 2 2 
1 1 1 
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2 2 2 





































Reactivity Adjusted NMOG (g/mile): 0.353 
*C02 Concentration reported in % 
Vehicle Emissions Analysis 
Georgia Institute of Technology 
Air Quality Laboratory 
(770) 603-4786 
Customer: Environmental Fuels 
Test No.: 31603 
Vehicle Mfg.: Ford 









Wt. Class: car 
Odometer: 83607.8 
Inertia Wt./lhp: 5250/13.1/15.9 
A/C: yes 
Fuel: Gasoline 
Specific Gravity: 0.744 
Carbon Wt. Fraction: 0.868 
H/C Ratio: 1.877 
LHV (btu/lbm) 18448 
1 2 3 
Vmix (scf) 2747.0 4711.0 2754.0 
Rolls Count 8508.7 9181.2 8488.1 
Miles 3.649 3.938 3.641 









Carbon Monoxide CO 
Carbon Dioxide % C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 
Carbon Monoxide CO 
Carbon Dioxide* C02 
Oxides of Nitrogen NOX 
Total Hydrocarbons THC 
Methane CH4 



















































Fuel Economy : 






































































1 2 3 
2 2 2 
1 1 1 
2 2 2 
2 2 2 




































Reactivity Adjusted NMOG (g/mile): 0.479 
*C02 Concentration reported in % 
